Dr. Soltau has written an account of seventy-three cases which occurred in Plymouth, Stonehouse and Devonport last summer. It is known that some forty cases occurred in Westmorland, that there have been small outbreaks at Ilkley, in Yorkshire, around Stowmarket and in the Thingoe Rural and Woodbridge Urban Districts in Suffolk; in the neighbourhood of Ely; in the Martley Rural District; in the Lodden and Clavering Rural and Downham Rural Districts in Norfolk; in the Christchurch Rural and Lymington Rural and Urban and Alresford Districts in Hampshire; in the Fylde Rural District in Lancashire; in the Swadlincote Urban District in South Derbyshire; in Huntingdonshire; in the Kesteven Division of Lincolnshire and in Worcestershire.
Compulsory notification has been in operation in the London County Council area, and since the week ending September 9, to the end of the year, some sixty-nine cases have been notified.
(II) INCIDENCE OF THE DISEASE.
In the course of the inquiry in Devon and Cornwall the cases at first looked for were definite cases of affection of the spinal cord marked by paralysis or other symptoms definitely referable to myelitis. The majority of the cases were severe. Of the 154 cases dealt-with in my report to the Local Government Board, thirty-four died; a case fatality of 22'1 per cent.
Wickman describes eight classical types of the disease: The spinal poliomyelitic type, the ascending or descending types, the bulbar or pontine form, the encephalic form, the ataxic form, the polyneuritic type, the meningeal type, and abortive forms. With the exception of the ataxic type, each of these forms was encountered among the 154 cases.
In the literature of the subject the determining causes of poliomyelitis have been regarded as various. It has been noted that the patient, or the friends of the patient, have attributed the onset of the disease to wading in water, or to swimming, to an accidental fall, to a chill, to teething trouble, or even to some unusual exertion such as working in the harvest field.
In Devon and Cornwall there were onsets the determining cause of which was similarly open to surmise. There were children who went to bed apparently quite well and were found paralysed, usually inthe lower extremities, in the morning. There were children who having attended school were unable to walk home through loss of power in their limbs. In one case a patient on being suddenly attacked rapidly lost power in his legs and was unable to walk upstairs. With regard to a certain number of patients, there were prodromal symptoms which took the form of listlessness or drowsiness; the children were said to "lie about and sleep " for a day or more before the acute onset. Pain -sometimes very acute-in head, or neck, or spine, or in a group of nuscles, or in a limb was not uncommon.
In mv report to the Local Government Board the clinical features are dealt with in detail and several illustrative cases are fully described. I shall refer to abortive cases later.
In Devon and Cornwall cases of possible poliomyelitis were of course looked for in adults as well as in children, and my report shows that although a larger number of children than of adults were attacked, the latter furnish a proportion of the cases.
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The percentage of attack in the population of the invaded houses is therefore 20 per cent.
It has only been possible to get the exact ages of each of the inmates of the invaded houses in 113 instances, and for this number of households, the following information has been obtained: There were no recorded attacks at ages over 50 years. Of the total number of persons at all ages, 674, dwelling in these 113 houses, 133 persons, or 19'7 per cent., were attacked.
The figures are few, and it would be unsafe to draw any but the broadest inferences from them. But so far as they go, they tend to show that liability to attack steadily decreases with advancing age.
The question naturally arises, were all these in Devon and Cornwall cases of poliomyelitis ? I am of the opinion that the answer should be in the affirmative. I do not think that there were among them any cases of cerebrospinal fever; although some cases presented meningeal symptoms. In a certain number of instances lumbar puncture was performed, and the spinal fluid forwarded to Dr. Mervyn Gordon for examination. In no single specimen was the Diplococcus intracellularis discovered. In one case, where meningeal symptoms were very marked, examination of the patient's spinal cord after death showed the characteristic histological signs of acute poliomyelitis; and from portions of this cord Levaditi produced experimental poliomyelitis in the monkey. My experience would lead me to doubt whether there occur mixed epidemics of acute poliomyelitis and cerebrospinal fever, as has been suggested. On several occasions this last summer I have been in communication with medical men in differeht parts of the country who suspected that they were confronted with a case or cases of cerebrospinaal fever. In each such instance, where lumbar puncture has been performed, the Diplococcus intracellularis has not been found, and when opportunity has been afforded to examine a portion of the cord of any such case after death the typical lesions of acute poliomyelitis have been present. Throughout the foreign literature poliomyelitis is recognized as a warm weather disease in temperate climates. It will be admitted that the summer of 1911 was an unusual one for England. The diagram I show reproduces certain phases of weather condition in the south-western part of England from April to September 16. The diagram was prepared by Dr. W. N. Shaw, F.R.S., Director of H.M. Meteorological Office. Owing to the configuration of the counties of Devon and Cornwall, the climatic conditions vary within somewhat wide limits at one and the same time in different parts of the counties. The meteorological data exhibited in the diagram are equated for the south-western division of England. The facts recorded must be regarded as showing, in general fashion only, the climatic conditions which obtained. The diagram also exhibits numerically week by week the ascertained attacks from poliomyelitis, from the period in May when the first cases came under notice until the week ending September 16. It will be seen that the greatest number of known cases in any one week in the period under review occurred in mid-August. Speaking generally, it can be said that the curve of known cases was rising while the temperatures of air, earth and water were also on the rise, and that the decline in poliomyelitis coincided with, or closely followed, the declensions of the earth and sea temperatures at the places given. The diagrams also show that during the present year the temperature curves are all higher than the mean of past years. In the Northern Hemisphere poliomyelitis has shown its great prevalence in the warm season of the year, and this distribu-tion of season prevalence was observed in the outbreak under consideration. In Devon and Cornwall the disease had practically died out by the end of the year.
Somewhat similar seasonal distribution of the disease is shown in Sweden, where over 3,000 known cases occurred during the year 1911; the first known case occurred in Stockholm in January, and in the same month there was a case in the Northern Province of Vesterbotten. It then appeared in Central Sweden, and isolated cases appeared successively in almost every province. It is thought by local investigators that the disease as a rule followed the railway lines.
In April the number of cases noted was ten, all in country districts; inlthe first half of May it was thirty-five. The first considerable rise in numbers occurred in the last half of July, when it rose to ninety-nine. The numbers for the succeeding half-months to the end of October were as follow: 150, 608, 573, 485, 375, and 327. It will thus be seen that in Sweden the malady was at its highest prevalence at the end of August. It did not, however, disappear with the onset of the cold weather. It still maintained its prevalence, but in reduced extent, to the end of November. At that time it was prevalent in considerable amount in the Northern Province of Vesterbotten, notwithstanding the fact that the country had been frozen for some time. Dust as a factor in the possible spread of the disease was considered by me, with the result that I was unable to draw any definite conclusion. Surmise that dust plays a part in the occurrence of epidemic poliomyelitis is based to a certain extent on the prevalence of the disease in hot, dry seasons. The fact, however, that poliomyelitis appeared in the extreme northern province of Sweden, which had hitherto been exempt from the disease, in November of last year, at a time, too, when the severe cold of the winter had already set in, suffices to show that considerable prevalence of the disease may occur altogether independently of out-door dust.
As regards Dust within doors.-Towards the end of the year 1911 Dr. Neustaedter and Dr. Theo, of New York, claimed to have produced experimental poliomyelitis in monkeys by intraspinal injection of a filtrate of dust obtained from a room in which a case of poliomyelitis occurred. As it has been shown that the pharyngeal mucous membrane may contain the virus of poliomyelitis, and that the virus resists desiccation, it is not unreasonable to suppose that exceptionally the dust of a room in which a case of poliomyelitis has been treated may contain the virus. This is, however, far from proving that the dust of roads and railways is the vehicle by which the infection of epidemic poliomyelitis is conveyed.
Flies.-Flexner and Clarke have shown that house-flies purposely contaminated with the virus of poliomyelitis harbour the virus in a living and infectious state for at least forty-eight hours. There was evidence in Devon and Cornwall that flies were unusually numerous in these counties during this last summer. And outside England cases of poliomyelitis occurred in the extreme north of Sweden at a time when there were no flies owing to sustained frost. The inference seems to be that poliomyelitis can occur altogether independently of flies.
Biting Insects.-Apart fromn any question of these insects as carriers, no evidence of their having played a part in the prevalence of the disease was obtained.
Clothes.-There is a regular trade in second-hand clothes in Holsworthy, in Devon, which are sent there for sale from Houndsditch, in London, and special inquiry concerning this trade was accordingly made. No fact was elicited tending to show that any of these clothes had been purchased by members of the invaded households, with one exception. In this instance the child who wore the second-hand clothes was not attacked by the disease until three days after her younger brother became ill. Further, the cases in this household did not occur until July, and there had been earlier cases in the district.
Disease of Animals.-Inquiry showed that two pigs belonging to the family of the first known case in Devonshire had died quite suddenly four days after the death by poliomyelitis of the child. The deaths of these animals could not be attributed to any definite cause.
There had been no swine fever in the district for over two years. It is of interest to note that the earliest case of those I have records of in Cornwall was also associated with the death of an animal. A week before the child was taken ill a horse belonging to the father of the patient suffered from what is locally termed "poke neck." It is said to have been paralysed in the neck and forequarters. It fell down in the stable and was unable to rise; it was conveyed to a field, where it again fell down. It was shot without having been seen by a veterinary surgeon. In my report to the Local Government Board I note facts as to deaths of fowls, of a bull and of a calf in circumstances seemingly connecting such deaths indirectly with occurrences of cases of poliomyelitis in the human subject. But this seeming association of disease in animals and in man may very possibly be nothing more than coincidence. In this country the veterinary profession has not adduced any evidence that the lower animals are liable to attack by epidemic disease which produces symptoms allied to poliomyelitis, or, indeed, that poliomyelitis occurs at all in the lower animals. In the literature of other countries it has been stated in connexion with a number of epidemics of poliomyelitis that domestic animals, including chickens, dogs, horses, pigs, cattle and sheep, were found in the same district to be suffering from paralytic diseases, clinically similar to the disease prevailing among human beings. Dana, of New York, in 1895, stated that the lumbar cord of a chicken examined by him showed lesions resembling those of poliomyelitis. But, generally, detailed inquiry into the pathological condition of the spinal cords of the animals affected is racking. The possible association of the disease in man and lower animals is not, however, one that can be lightly passed by, for even if man and the lower animals do not in fact mutually infect one another, there still remains the possibility of both being infected from a common source. It is, however, reported that during the last year some 800 reindeer, mostly calves, have been found dead from poliomyelitis in the neighbourhood of Kautokeino, in Norway. From Sweden we learn that reindeer, poultry, lemming, and dogs suffered this last year from a similar complaint. The matter is under investigation by the respective Governments of these countries, and at present we do not know whether the statement that the reindeer have died from poliomyelitis is founded on a definite scientific basis or on surmise.
(IV) CASE TO As regards not a few invaded families of the 154 cases it was ascertained that first cases had been associated with persons previously attacked, children had played together, visited one another's houses, or lived in adjoining houses. On the other hand, under circumstances apparently comparable, where children had been closely associated with others who became sick, even sleeping in the same bed with them up to the date of attack, there was no spread of infection. Although in some seventeen instances the only child of the family was attacked, there were a large number of instances where only one person was attacked in a house containing children as well as adults.
(B) Multiple Cases in Towns and Villages.
When poliomyelitis was introduced into the small towns, as for instance at Holsworthy and Bude, where some of the earliest cases occurred, the subsequent cases were few. In like manner, when introduced into larger urban communities where the population is aggregated, as at New Quay, Barnstaple and Falmouth, spread of the infection did not readily occur. On the other hand, the disease seemed to show a preference almost for development in isolated places; many remote farmhouses and cottages being invaded.
Groups of cases occurred in sparsely populated rural areas which invited special consideration. For instance, a case occurred in a cottage in the last week of July, which was followed on August 4 by that of a child attacked in a farmhouse about a mile and a half distant from the cottage, and by two other cases in the same farmhouse on August 5 and August 10, the last proving fatal. On August 9 a case occurred in another and neighbouring farmhouse. Between August 14 and 18 six cases of mild type occurred in a cottage situated close to the gates of the first farm, and on August 21 a case occurred in another cottage close by this farm. Personal infection from case to case in this group could not, as regards first cases in these houses,, be excluded; but the exceptionally heavy incidence on the last four invaded dwellings was certainly highly suggestive of transmission of infection in this way.
(C) Mild or Abortive Cases. Existence of such cases was established during the inquiry. Only a small number of the 154 cases were known as "abortive" cases attacks, that is, which would not have been identified save for their connexion with pronounced cases. If in Devon. and Cornwall case to case infection was actively operative, opportunities for transmission of the disease in this way would no doubt have been materially increased by these abortive cases, as well as by the others.
The possible occurrence of a prevalence almost entirely of the "abortive" type is illustrated by the Stoke Rivers outbreak, which, as I have said, is not included in the 154 cases specially dealt with'. This Stoke Rivers outbreak is of special interest because of its association in the persons of school children with the village school. Had not cases of poliomyelitis been known to be present in the county, the illness associated with this school would probably never have become the subject of close inquiry. The school was not closed on account of this outbreak. In some of the cases in the group no medical practitioner was in attendance, and when the acute symptoms of particular sufferers subsided in two or three days these children returned to school. In only two of the first series of cases here were medical practitioners called in, and, on the facts before them, both considered the illnesses to be due to some common food infection-the chief symptoms being fever, headache, and vomiting.
The school had been closed in ordinary course for the holidays on August 4, and re-opened on September 4. On September 13 one of the medical men in attendance on certain patients informed Dr. Harper, the Medical Officer of Health, that a child, absent from school, had facial paralysis. Dr. Harper then went to the school and ascertained that ten children were absent through sickness; and he accordingly visited these children at their homes. As a result he forwarded me a short report on the outbreak of illness which he considered due to a mild form of poliomyelitis. The outbreak was then exhaustively investigated by Dr. Adkins, the County Medical Officer of Health.
Stoke Rivers is a small village about seven miles distant from the town of Barnstaple. The school is but a small one, there being only forty-one children on the register; as already stated, there are eighteen houses, having a population of-119 persons. Of these persons sixty-one are over the school-attendance age, and were not attending school; forty-three were attending school, although two of the forty-three were not attending the Stoke Rivers school; fifteen were below the schoolattendance age and did not attend school. In this community of 119 persons there were thirty-six attacks by poliomyelitis which were more or less definite; although only three developed paralysis, two suffered from facial paralysis and one, a lad aged 17, in house numbered " 7," remains paralysed in both legs. In addition to the thirty-six there are nine others who may possibly have suffered in a minor degree. Of the definite thirty-six cases, four were over and six under the school-attendance age, and twenty-six were habitually attending school. Neither of the two scholars mentioned above as attending another school suffered attack. A diagram illustrating the facts elicited as to residence, age, school attendance, attacks and dates of onset has been prepared.
It is to be noted that the first two cases of the illness at Stoke Rivers occurred on August 21, at a time when the school had been closed seventeen days, the patients being two children living in house 1. The next case occurred on September 3, and this child's brother did no go to school on the next and opening day (September 4), as he was attacked by headache and vomiting. But he went to school on September 5 to September 8, while still ill. On re-opening day, September 4, a child from a different house attended school in the morning, but was too ill to go there in the afternoon; and he had not returned to school by October 17. Thus, on the opening day of the school, there were children in the hamlet who were actually suffering, or had been suffering, from the malady, and the school therefore cannot be held responsible for the initial spread of the disease. The subsequent spread of the disease, however, may very possibly have been due to infection transmitted at school. In this small community no less than 30'3 per cent. of the population suffered attack. Of those above the school-attenda,ce age four persons, or 6'6 per cent.; of children under the school-attendance age six infants, or 40 0 per cent; while of Stoke Rivers school children, twentysix, or 63 4 per cent., were attacked. Of the. eighteen houses, at the time that detailed inquiry was made (October 6), there were four houses in which no attacks had occurred (houses 15 to 18). There were three houses which had each one case (houses 9, 11, and 13) ; six houses had each two cases (houses 1, 2, 3, 6, 10, and 12) ; four houses each had three cases (houses 4, 7, 8, and 14); and the remaining house (No. 5) had nine cases. The point of interest in this connexion is that in eighteen Stoke Rivers households, all presumably liable to invasion by the disease, fourteen houses (77 per cent.) suffered invasion between August 21 and September 30, and that of these, eleven (61'1 per cent.) had each more than one inmate attacked.
Considering the attacks in Devon and Cornwall collectively, any theory of personal communication being the principal factor at work presupposes a multiplicity of mild cases, and has therefore its limitations. For (1) if Stoke Rivers be set aside there is only a limited number of known abortive cases that were associated with the definitely pronounced cases. Of 140 cases concerning which I have detailed information, twenty-seven, or 19'2 per cent., exhibited no symptoms of paralysis; but of these twenty-seven very few could be described as abortive cases.
(2) The poliomyelitis was dispersed all over both counties within a short space of time, and apparently the appearance of the disease in many widely separate parts was almost simultaneous, so that it could not well be explained by abortive cases unless these were present in enormous number over a wide area. (3) It is not known how long abortive cases (if they are infectious) may act as carriers of the virus. This question of course arose, and it could not be satisfactorily answered.
(D) Healthy Carriers.
Some suggestion was forthcoming of the operation of healthy carriers in disseminating the disease. For instance: A small farmer, "B," sold a horse to another, "W," and according to the custom of the county " B " had to deliver the horse at " W's " farm. "B" himself took the horse there, and he stayed for the afternoon meal with " W's" family. The distance between the two farms as the crow flies is 10 miles, while the place at which the horse was delivered is an isolated farmhouse only approached by narrow lanes and finally reached by crossing two fields. There had been previously to "B's " advent no known cases of poliomyelitis in this particular neighbourhood; the " W " family certainly had had no illness, nor had any persons (other than "B ") visited them. Inquiry was made concerning the horse in question; no history could be elicited to indicate that it had suffered from illness, and it appeared to be in good health. "B's" son, the only child in the family, aged 6, suffered an unquestionable attack of poliomyelitis, and the onset of his disease occurred on July 24. " B" delivered the horse to " W" on August 2, at a time when his son was still ill at home, and at the meal sat between two of "W's" children, aged respectively 5j and 2i.
During the night of August 8, six days later, both these children (boys) suffered acute attacks of illness. One is said to have been ailing with headache two days previous to this acute attack, the other to have been "lying about" for a day before the onset of these acute symptoms. Each boy became paralysed in both legs, and the elder suffered a much more severe attack than the younger, and with the onset of his illness he had severe epistaxis. On August 11 the mother of these patients, and on August 12 her infant son, suffered "abortive" attacks of the disease.
(E) Incubation Period.
In instances where presumption arose of direct infection from person to person, it appeared that a very few days may suffice for incubation of poliomyelitis. The subject, however, is greatly complicated by want of knowledge respecting duration of infectiousness (when present) in persons sufferiiig from the malady, and by uncertainty as to relative abilities of acute and mild attacks, and of " carrier cases," to transmit it.
In the instance quoted of the man " B " who delivered the horse to "W" on the afternoon of August 2, the first symptoms noticed in the " W" children occurred on the evening of August 6, and on August 7. This is consistent with an incubation period of four or possibly five days.
In instances of multiple attacks in families, the dates of onset of the illness in persons attacked subsequently to the first case, often fail to afford satisfactory data for estimating the length of the incubation period. And there is always the difficulty in determining whether the secondary cases derived their infection from the first case or owed their illness to a cause common to them and to the first case.
(F) Interntediate Infection by Biting Insects.
A very large number of the patients were found to be flea-bitten; and in certain instances they were flea-bitten to an extraordinary extent. On the other hand, there were many patients who showed no trace of flea-bites. In certain of the invaded houses all the inmates were flea-bitten, though only one might be suffering from poliomyelitis.
Assuming a short incubation in the human subject, transmnission of the virus by the flea would explain some of the difficulties-plurality of cases in particular houses, and seeming infection from a healthy carrier, for example. Infection in these ways by fleas is, however, far from explaining the main difficulty, namely, the simultaneous prevalence of the malady through both counties, unless it may be assumed that the flea or biting insect does not need to get its infection from a human source, and that in some way or other it becomes specially infective in country districts in the summer.
To summarize, the principal points in the epidemic on which I have commented in this paper are:-(1) The wide area over which the poliomyelitis was prevalent when systematically looked for.
(2) The apparent increase of the prevalence with the hot weather and its fall after the earth and water temperature reached the maximum.
(3) Its exceptional local appearance in intensive form, suggesting acute infectivity of a limited duration or range.
(4) The occurrence here and there of groups of cases under conditions consistent with case to case infection, probably direct, but conceivably through biting insects.
(5) Strong suggestion that the healthy carrier may serve directly or indirectly as agent in transferring poliomyelitis to distant and exceptionally isolated dwellings.
(6) Indication that poliomyelitis may be represented locally, almost entirely by cases of the " abortive " type, and that abortive cases may on occasion be highly infectious.
(V) CERTAIN EPIDEMIOLOGICAL CONSIDERATIONS. During the past few years work done on the pathology and on the virus of poliomyelitis has materially added to our knowledge of the disease, and gives hope that further investigation on these lines may make clear many points of its epidemiology at present obscure.
Meanwhile some points of analogy between poliomyelitis and other infectious disease on its first manifestion epidemically in this country deserve notice.
There is some analogy to the introduction of influenza in the early 'nineties; coming as it apparently did from nowhere, and rushing over wide tracts of country with extraordinary rapidity.
But in considering the whole subject of poliomyelitis it is of interest to note that its behaviour during its recent prevalence in England has a parallel in the behaviour of diphtheria, when first that disease appeared in our country at the middle of the last century. Diphtheria, when it came to be separated from scarlet fever, was a disease of rural districts.
The late Sir George Buchanan, writing in 1888, in introduction to Dr. Longstaff's classical report on diphtheria, states: "'Dr. Longstaff's essay sets forth, as the result of abundant and careful examination of mortality statistics, the facts as to the distribution of fatal diphtheria in the districts of England and Wales during the twenty-six years ending with 1880; and he shows, in the first place, very notable varieties of incidence of the disease upon the several counties, not explicable by any geographical or geological consideration. He brings into strong relief evidence to show that the disease has always displayed a marked tendency to prevail in sparsely populated districts rather than in centres of population, and that, as years have gone on, this tendency has become less and less marked, so that, in later years, the chief urban districts seem to be approaching nearer than before to rural districts in their rate of suffering by this disease. Diphtheria alone among diseases of the zymotic class is found to have exhibited this peculiarity of special incidence upon sparsely peopled districts; and the facts brought together by Dr. Longstaff would certainly seem to suggest that the country has sent, and is increasingly sending, the causes of diphtheria into towns." F-9
Low: Acute Poliontyelitis While I think it will be admitted that diphtheria remains very largely a disease of country districts, I doubt whether anyone would now state that it is not a disease of towns. Is it conceivable that poliomyelitis may follow a similar course to that taken by diphtheria?
Another sentence in the late Sir George Buchanan's reference to diphtheria in 1888 may be paraphrased and applied to poliomyelitis at the present day: " Our observations have no doubt increased our experience of poliomyelitis; while they have afforded as many illustrations as we can desire of our ignorance of the proximate cause of its prevalence in England."
For this ignorance to be dispelled continued collection and examination of facts is necessary; and the present paper will have served its purpose if it has in any way contributed to a better understanding of the occurrence of the disease in England in 1911, and as to the circumstances which must be explained by any sufficient theory of its causation. Acute Poliomyelitis. An Analysis of Sixty-two Cases occurring in and around Edinburgh in the Epidemic of 1910.
By HERBERT BRUCE Low, M.D.
DURING the summer and autumn of 1910 an unusually large number of cases of infantile paralysis occurred in the City of Edinburgh and the surrounding country. Sixty-two of these cases have been collected and certain facts concerning them subjected to an analysis. It will be easily understood that this number, sixty-two, does not represent the full extent of the epidemic. No doubt there would be many other cases, both in Edinburgh and in the country, which did not come under investigation.
